Introduction
============

Colorectal cancer (CRC) constitutes the third most common cause of cancer death in the US \[[@B1]\]. In Europe, there are more than 350 000 new cases each year \[[@B2]\]. Despite advances in treatment regimes, at least 40% of patients with UICC stage II or III disease will experience local or distant recurrence \[[@B3]\]. The purpose of surveillance following curative therapy of colorectal cancer is early identification of recurrent disease which can potentially be cured by further surgical interventions.

The assumption that early detection of recurrent disease leads to better outcome has been fortified by several studies \[[@B4]-[@B7]\]. Meta-analyses showed a modest but significant survival benefit for patients monitored by an intensive surveillance program after resection of CRC \[[@B8]-[@B11]\]. Additional surgery can cure some patients who have limited local recurrence or distant metastases, thus emphasising the importance of surveillance after colorectal cancer surgery.

The guidelines for surveillance are a matter of constant debate. In 2005, the American Society of Clinical Oncology (ASCO) revised the 2000 guidelines for surveillance based on recent studies and reviews \[[@B12],[@B13]\]. Nevertheless, it remains controversial which diagnostic tests should be performed at what point of a surveillance program, underlining the need for further studies.

Recently, we published the results of a prospective analysis for patients undergoing a surveillance program following surgical resection for CRC between 1979 and 1990 \[[@B14],[@B15]\]. We were now able to analyze almost 1600 patients who received curative surgical therapy throughout the period between 1990 and 2006 with regard to differences in prognosis correlated to the intensity of the surveillance program. The purpose of this prospective analysis was to evaluate whether an intensive surveillance program is beneficial for patients after resection for CRC.

Materials and methods
=====================

Between January 1990 and December 2006 we performed 2079 resections on patients with CRC at the Department of Surgery, University of Schleswig-Holstein, Campus Lübeck, Germany. All data concerning patients undergoing a colorectal resection at our institution are prospectively collected in a \"colorectal cancer\" database. We performed surveillance according to ASCO guidelines \[[@B12],[@B13]\]. At the time of discharge all patients were informed about the necessity for a regular and complete postoperative surveillance. Surveillance data of individual patients was recorded in a standardized questionnaire for the first ten years after resection. Thereafter, the responsible physician was contacted and the questionnaire was sent to each patient on a yearly basis. If there was any missing data, we addressed the registration office for residents for support.

We defined the surveillance as \"intensive\" in cases where the participation was regular (\> 70% of the given appointments were attended) and the program was completed. As \"minimal\" we defined surveillance with less than 70% of the appointments attended and an incomplete program. An incomplete program was defined as a divergence between tests scheduled according to the ASCO-guidelines and the testes actually obtained. As \"none\" we defined cases which did not undergo surveillance at all. Consequently, we categorised groups of patients as \"intensive\", \"minimal\" and \"none\" surveillance. Patients presenting with rectal and colon cancer simultaneously were defined as rectal cancer patients. In this study, we compared the three different groups with regard to local and distant recurrence, the rate of curative resection after recurrence and the accordant 5- and 10-year survival rates. Recurrence was defined as the occurrence of a local (intra and/or extramural) or distant tumor after curative resection (R0). Only curative resections (R0) were identified from our database. Patients with R1 or R2 resection as well as patients with synchronous, not resectable distant metastases were excluded. Further exclusion criteria were local excisions, inability to cooperate, ulcerative colitis- and Crohn\'s disease associated cancer and hereditary cancer syndromes (FAP, HNPCC).

Statistical analysis
--------------------

Continuous variables were expressed as mean ± standard deviation. The length of surveillance and follow-up was expressed as median and range. Statistical analysis was carried out univariately using the χ^2^-Test and results were considered significant with p \< 0.05. A p-value lower/less than 0.0001 was not calculated exactly and is noted as p \< 0.0001. Probabilities of overall survival rate were calculated according to the Kaplan-Meier method. A Log-Rank-test was applied for comparison with p \< 0.05 considered statistically significant. Starting time for survival analysis was the day of surgical resection of the primary colorectal cancer. Estimations of the relative risk were expressed as odds ratio (OR) with a 95% confidence interval (95% CI). All calculations were performed by using the SPSS 14 (SPSS Inc, Chicago, IL, USA) software.

Results
=======

Between 1990 and 2006, a total of 2079 patients underwent surgery for CRC. Subtracting the cases with synchronous, not resectable distant metastases as well as R1 and R2 resections, 1567 patients were operated with curative intent.

The in-hospital mortality rate was 4.4% (n = 69) with a 30-day mortality rate of 3.9% (n = 61). Another 29 patients (1.9%) died within the first three months after surgery without any cause related to surgery or tumor. This resulted in a total of 1469 patients who were potentially available for surveillance and thus constituted the study population. Within this group 793 (54%) primary tumors were located in the colon, and 676 (46.0%) in the rectum including 20 (1.4%) synchronous carcinomas.

A total of 263 patients (17.9%) received a complete regime of adjuvant chemo- or radiotherapy including 128/793 (16.1%) patients with a carcinoma of the colon and 135/676 (20%) with a carcinoma of the rectum. With 65.0% the main reasons not to complete or begin an adjuvant therapy were refusal by the patients and a decline in general condition. Distribution among the groups with intensive, minimal and none was equal.

Out of 1469 patients, the majority underwent intensive surveillance (n = 858; 58.4%), 297 patients (20.2%) underwent a minimal program (overall participation 78.6%). The group of patients not participating in surveillance accounted for 314 patients (21.4%). The groups of intensive, minimal and none surveillance were well balanced regarding stage of disease and gender (Table [1](#T1){ref-type="table"}). Notably, the cohort with none surveillance was older and in a worse general condition. No patient was lost to follow-up.

###### 

Patients\' clinical and biographical data

  -------------------------------------------------------------------------------------
  Follow-up \[median months\]\                    70 (range 1 - 211)\   
  Study population                                n = 1469              
  ------------------------------ ---------------- --------------------- ---------------
  **Surveillance**               **intensive**\   **minimal**\          **none**\
                                 **n = 858**      **n = 297**           **n = 314**

                                                                        

  Gender                                                                

   male                          478 (56%)        150 (51%)             151 (48%)

   female                        380 (44%)        147 (49%)             163 (52%)

  **Age**\[years\]               64,5 (± 10.9)    67,3 (± 11.5)         73,7 (± 11.6)

  **UICC-stage**                                                        

   Stage I                       293 (34%)        104 (35%)             102 (33%)

   Stage II                      266 (31%)        95 (32%)              116 (37%)

   Stage III                     273 (32%)        92 (31%)              92 (29%)

   Stage IV                      26 (3%)          6 (2%)                4 (1%)
  -------------------------------------------------------------------------------------

Survival
--------

The 5-year survival rates for the different groups were 79% (intensive), 76% (minimal) and 54% (none), respectively. The inter-group comparison revealed a statistically significant improved overall survival for the intensive surveillance group (Table [2](#T2){ref-type="table"}; intensive vs. minimal p \< 0.0001, intensive vs. none p \< 0.0001, minimal vs. none p \< 0.0001). The 10-year survival rate for the group with intensive surveillance was 65%, 50% for the group with minimal surveillance and 31% for the group with none surveillance (intensive vs. minimal *p*\< 0.0001, intensive vs. none *p*\< 0.0001, minimal vs. none *p*\< 0.0001; Figure [1](#F1){ref-type="fig"}).

###### 

Survival rates depending on the intensity of surveillance

  Surveillance   5-year survival   10-year survival   p-value
  -------------- ----------------- ------------------ -----------
  Intensive      79%               65%                \< 0.0001
  minimal        76%               50%                \< 0.0001
  none           54%               31%                \< 0.0001

![**Survival after curative resection of colorectal cancer depending on the intensity of surveillance**.](2047-783X-15-1-25-1){#F1}

After a median follow-up of 70 months the calculated median time of survival was 191 months (intensive), 116 months (minimal) and 66 months (none), respectively. The differences in the inter-group comparison were statistically significant (intensive vs. minimal *p*\< 0.0001, intensive vs. none *p*\< 0.0001, minimal vs. none *p*\< 0.0001)

The odds ratio for a 5-year survival comparing intensive and minimal surveillance was 1.480 (95%CI 1.135-1.929). The comparison of intensive and none surveillance for a 5-year survival resulted in an odds ratio of 2.606 (95% CI 1.983-3.425) (Table [3](#T3){ref-type="table"}).

###### 

Relative Risk for 5-year survival after curative resection and for 3-year survival after diagnosis of recurrent disease

                                         Odds-ratio   95% confidence interval
  -------------------------------------- ------------ -------------------------
  **5-year survival**                                 
  Intensive vs. minimal                  1.480        1.135-1.929
  Intensive vs. none                     2.606        1.983 - 3.425
  **3-year survival after recurrence**                
  Intensive vs. minimal                  1.917        1.007-3.651
  Intensive vs. none                     2.434        1.088-5.448

Recurrence
----------

The overall rate of recurrence for both local and distant growth of tumor was 25.3% (n = 371). The 5-year survival rates for patients with a recurrent disease was 32% (intensive), 13% (minimal) and 19% (none), respectively with statistically significant differences between the groups of; intensive and minimal (*p*= 0.034), intensive and none (*p*\< 0.0001), but not between minimal and. none (*p*= 0.614) surveillance (Figure [2](#F2){ref-type="fig"}).
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The median time of survival after diagnosis of recurrent disease was 31 months (intensive), 21 months (minimal) and 16 months (none), respectively (intensive vs. minimal p \< 0.0001, intensive vs. none p \< 0.0001, minimal vs. none p \< 0.0001).

Patients who appeared asymptomatic at the time of diagnosis of recurrence differed among the groups. Out of the 243 patients with intensive surveillance 138 (56.8%) did not show symptoms of recurrence in contrast to 18 out of 49 patients (36.7%) with a minimal program (*p*= 0.27).

The odds ratio for a 3-year survival comparing intensive and minimal surveillance was 1.917 (95% CI 1.007-3.651). The comparison of intensive and none surveillance for a 3-year survival resulted in an odds ratio of 2.434 (95%CI 1.088-5.448) (Table [3](#T3){ref-type="table"}).

Local recurrence
----------------

Local recurrence occurred in 5.1% (n = 75) (Table [4](#T4){ref-type="table"}). Recurrence of colon cancer occurred in 2.9% (n = 23) and recurrence of rectal cancer in 7.7% (n = 52). For both the rectum and the colon an R0 resection of recurrent disease was possible in 28% (14/50) for intensive, in 8% (1/13) for minimal and 25% (3/12) for none surveillance, but failed to show statistically significant differences (intensive vs. minimal *p*= 0.126, intensive vs. none *p*= 0.238, minimal vs. none *p*= 0.834).

###### 

Local Recurrence depending on site of primary tumor

  Local recurrence   total       Colon       Rectum
  ------------------ ----------- ----------- -----------
  **total**          75 (5.2%)   23 (2.9%)   52 (7.7%)
   extramural        61 (4.2%)   20 (2,5%)   41 (6.3%)
   intramural        14 (9.7%)   3 (0,4%)    11 (1.7%)

The 5-year survival rate for patients who had an R0 resection of recurrent disease was 57% (Figure [3](#F3){ref-type="fig"}). The 5-year survival rate was 11% for those patients who received palliative surgical treatment and 0% for those patients receiving other palliative means (curative vs. palliative surgery *p*\< 0.0001, curative vs. other palliative means *p*\< 0.0001). For the group who did not receive any treatment the 5-year survival rate was also 0% (curative therapy vs. no therapy *p*\< 0.0001). The median time of survival for the group with curative treatment was 67 months, for the group with palliative surgical therapy 11 months and in cases of other palliative or without treatment the median time of survival was11 and 8 months, respectively.
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Distant metastases
------------------

A total of 241 patients (16.4%) presented with one or more metastases. An R0 resection with regard to the mode of surveillance was possible in 31.1% (50/161) of patients with intensive, in 19.4% (7/36) with minimal and in 6.8% (3/44) with none surveillance (intensive vs. minimal *p*= 0.165; intensive vs. none *p*= 0.002, minimal vs. none *p*= 0.215).

The liver was the most common site for distant recurrence with 8.4% (124) of all patients effected. Metastases of the lung occurred in 5.4% (79) of the total. In 7.6% (112) of all patients metastases were localized elsewhere.

Isolated liver metastases were detected in 5.2% (76) of patients and a curative resection could be performed in 40.8% (31). The 5-year survival rate after curative surgery of isolated liver metastases was 47% (median time of survival 57 months) in contrast to a 5-year survival rate of 0% (median time of survival 37 months) for palliative resection (p \> 0.05), palliative thermo ablation and palliative chemotherapy (median time of survival 20 months, curative vs. non-surgical palliative means p \< 0.0001). The 5-year survival rate for isolated liver metastases without any therapy was also 0% (curative vs. none p \< 0.0001).

In 2.8% (41) of patients the lung was affected solitarily. Here, a total of 46.4% (n = 19) could be resected curatively. After curative resection of isolated metastases of the lung, the 5-year survival rate was 66%, in contrast to a 5-year survival rate of 0% (median time of survival 23 months) for palliative surgery (curative vs. palliative resection *p*= 0.125). Other palliative non-surgical means had a 5-year survival rate of 14% (median time of survival 17 months, curative vs. other palliative means *p*= 0.002). The 5-year survival rate for isolated lung metastases without any therapy was also 0% (curative vs. none *p*\< 0.0001).

Discussion
==========

Since the introduction of surveillance after resection for colorectal cancer there has been a constant debate on how to practice follow-up \[[@B16]-[@B19]\]. Several studies have evaluated the effect of surveillance regarding outcome after curative resection. A significant survival benefit from intensive postoperative surveillance has been shown in four separate meta-analyses \[[@B8]-[@B11]\]. Figuerdo et al. and Renehan et al. analyzed six and five prospective, randomized trials, respectively, covering 1679 and 1342 patients \[[@B8],[@B10]\]. Renehan and colleagues stated that intensive follow up may improve survival because of earlier detection and treatment of recurrent disease. They added that it may also be associated with non-specific factors, such as a lesser psychological burden in patients undergoing surveillance. The detection rates in their meta-analysis for all local recurrences and hepatic metastases were similar to those quoted in the other studies. However, intensive follow-up was associated with a reduced time to first relapse and increased detection of isolated local recurrences \[[@B10]\].

Tjandra et al. presented a meta-analysis of eight randomized clinical trials with 2923 patients included. In this expanded systematic review they could confirm - consistent with five previous meta-analyses - a reduction of mortality and an improvement in curative reoperation rate with more intensive surveillance. Of the eight prospective trials, the largest study was the large-scale multicenter European study GILDA (Gruppo Italian di Lavoro per la Diagnosi Anticipata), which had enrolled a total of 985 patients. This trial was conducted to provide the first evidence, based on an adequately powered randomized trial to determine the optimal follow-up strategy for colorectal cancer patients. Recruitment in the US still continues and therefore, however, the duration of follow-up was relatively short at 14 months and data on longer-term surveillance limited \[[@B11],[@B20]\]. In contrast to the results obtained in these meta-analyses, only two of the eight randomized studies suggested a significant improvement in survival for those undergoing intensive surveillance \[[@B5],[@B7],[@B17],[@B20]-[@B25]\].

The few retrospective studies available are very het-erogenous regarding the size of the cohorts, the patients\' characteristics and the time of follow-up \[[@B26]-[@B31]\]. Bergamaschi et al.\'s cohort included 800 patients, which has been the largest retrospective study on this matter \[[@B26]\]. They reported a significantly higher rate of resect able recurrent disease and an improvement in survival after curative resection of recurrent disease in patients who underwent intensive follow-up. Castells et al. presented similar results in their study of 199 patients \[[@B27]\].

Another prospective, randomized study stated a significant difference in survival depending on the intensity of surveillance only for patients with stage II disease and rectal tumors \[[@B7]\]. The results of this randomized controlled trial suggest that, although no difference on overall survival was observed in the whole series, patients with colorectal cancer who have undergone curative resection may benefit from a more intensive surveillance strategy. This assumption was based on the fact that the intensive strategy increased the proportion of resectable tumor recurrences in the whole series as well as in some subsets of patients; more importantly, it increased the probability of overall survival in patients with stage II lesions or rectal tumors \[[@B7]\]. In contrast, Komborozos et al. could not reveal a difference in neither the rate of R0-resection rate for recurrent disease nor the overall rate of survival after surgical treatment of recurrence \[[@B29]\].

Our analysis of prospective, not randomized data supports the view that intensive surveillance implies a benefit in outcome. We were able to demonstrate a significant difference in overall survival with a benefit for patients who undergo intensive surveillance. The increasing difference in the 5-year survival rate following primary surgery depending on the intensity of surveillance emphasizes the importance to encourage patients to participate in such programs. Our results are based on data retrieved from a follow-up, which in median was 70 months, a much longer period than that of most other studies. In addition, with 1469 patients included, we were able to analyze a cohort much larger than in other trials, both prospective and restrospective.

In the present analysis, the overall rate of local recurrence was significantly lower than the rate reported in 24 independent studies that were reviewed by Ohlsson and Pålsson \[[@B24]\]. We noted a rate of 5% in our collective compared to a median rate of 13% (range of 5 to 23%) in this meta-analysis.

The results of our study show a significant improvement in survival for patients who underwent intensive surveillance prior to the diagnosis of a recurrent disease. Notably, only intensive surveillance improved survival for the group of patients with a recurrent tumor. Minimal surveillance had a similarly low effect on survival as none surveillance. In parallel, a meta-analysis by Renehan and colleagues revealed that intensive follow-up was associated with a significantly earlier detection of all recurrences. However, the rate of R0-resections for recurrent disease were not evaluated \[[@B10]\].

Other studies were able to show a significant improvement in R0 resection rates for the group that underwent intensive surveillance \[[@B7]\]. However, despite the higher rates of R0 resections - contrary to our results - the data of this multicenter, randomized trial did not show a benefit in survival for patients undergoing intensive surveillance prior to a recurrent disease \[[@B7]\].

The data presented suggest that the higher rate of R0 resections of a recurrent disease contributes to the significantly improved survival. However, the differences in R0 resection rate of local recurrence were not statistically significant comparing the groups with intensive, minimal and none surveillance. The reason for the lack of significance becomes obvious if one considers the small number of patients in the distinct groups, especially the one with none surveillance.

The survival after resection of a recurrent disease was significantly improved for the group with intensive surveillance. However, with regard to the lack of significance due to the small number of patients we cannot comment on a possible difference in R0-resection rates for recurrent disease and an according improvement of survival between the groups that underwent minimal and none surveillance. In contrast, the differences in R0 resection rates for distant metastases differed significantly and thus contributed to the improved survival.

Our results are based on surveillance according to the ASCO guidelines, where chest X-ray was recommended on a regular basis. The modifications of 2005 imply a CT-scan of the abdomen and the thorax to be performed annually in cases of colorectal cancer with a higher risk of recurrence \[[@B13]\]. Consequently, this might lead to a higher percentage of detected recurrences which are eligible for R0-resection. However, Rodriguez-Moranta et al. performed CT-scans on a regular basis and could demonstrate a benefit in survival for the group with intensive surveillance for stage II disease but not for stage III disease \[[@B7]\]. In addition, they were able to show a benefit for those with a primary tumor located in the rectum but not for those with a primary located in the colon. Generally, the use of CT-imaging in surveillance is performed irregularly among the different studies which makes a comparison somewhat difficult \[[@B5],[@B7],[@B27]\].

The data presented should emphasize the importance to continue evaluations on the field of postoperative surveillance after primary resection for CRC. This includes the analysis of a definite improvement in survival due to a correctly adapted surveillance program and identification of patients who profit from another resection of a recurrent tumor and/or metastases. Furthermore, consideration of the psychological burden, which each surveillance appointment implies, and improvement in costs resulting from a correctly devised program remain important issues to be approached on this matter. Together with a modification of surgical techniques, adjuvant therapy and the introduction of other biochemical markers, it seems probable that given recommendations for surveillance will constantly have to be reviewed and modified.

Conclusion
==========

The results of the study presented indicate a significantly improved survival for patients who undergo a systematic and intensified surveillance after curative resection of colorectal cancer. Although we need an ongoing debate on how to devise the ideal program of surveillance after curative resection for colorectal cancer we could show a benefit in overall survival and in survival after resection of recurrent disease for those patients who undergo intensive surveillance according to the ASCO guidelines.
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